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REMARKS 

Claims 15-28 remain in this application. Claims 1-14 
have been canceled. Claims 15-28 have been added. 

There is submitted herewith a clean version of the 
substitute specification, as well as a copy with markings showing 
all the changes relative to the originally-filed version, in 
accordance with 37 CFR 1.125(c). As pointed out above, the 
undersigned registered U.S. patent attorney states that the 
substitute specification contains no new matter. 

Entry of the above amendments is earnestly solicited. 
An early and favorable first action on the merits is earnestly 
requested. 

Should there be any matters that need to be resolved in 
the present application, the Examiner is respectfully requested 
to contact the undersigned at the telephone number listed below. 

The Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 25-0120 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17. 

Respectfully submitted, 

YOUNG & THOMPSON 

Benoit Castel, Reg. No. 35,041 
745 South 23'''^ Street 
Arlington, VA 22202 
Telephone (703) 521-2297 
Telefax (703) 685-0573 
(703) 979-4709 
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Docket No. 0525-1032 

APPENDIX ; 

The Appendix includes the following item(s) : 

^ - a new or amended Abstract of the Disclosure 

13 - a Replacement Sheet for Figures 4 and 5 of the drawings 

^ - a Substitute Specification and a marked-up copy of the 
originally-filed specification 
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Filter unit for filtering particles contained in the exhaust gas of an internal combustion 

engine 

The invention relates to a filter unit for filtering particles contained in the 
exhaust gas of an internal combustion engine, in particular of the diesel type, and to 
5 a filter body including at least one filter unit according to the invention. 

Porous honeycomb structures are used as filter bodies for filtering particles 
emitted by diesel vehicles. These filter bodies are generally made of ceramic 
(cordierite, silicon carbide, etc.). They may be monolithic or consist of separate units. 
In the latter case, the units are cemented together by means of a ceramic cement. 

10 The whole is then machined to the required section, which is generally circular or 
elliptical. The filter body includes a plurality of passages. It is inserted into a metal 
enclosure. Each passage is blocked at one or the other of its ends. There are 
therefore inlet passages and outlet passages. The exhaust gases are therefore 
constrained to pass through the lateral walls of the inlet passages into the outlet 

15 passages; thus particles and soot are deposited in the filter body. 

After a certain time of use, soot accumulates in the passages of the filter 
body, which increases the head loss caused by the filter and degrades the 
performance of the engine. For this reason, the filter body must be regenerated 
regularly, conventionally after about 7 to 10 hours of operation, when the head loss 

20 has reached a value of approximately 150 dPa (for an engine of about 2 liters cubic 
capacity driving on a motorway with a filter body of approximately 4 liters). 

Regeneration consists in oxidizing the soot. To this end, it is necessary to 
heat the soot since the temperature of the exhaust gases is of the order of 300*^0 
whereas the flash point temperature of the soot is more of the order of GOO'^C. under 

25 normal operating conditions. Despite such regeneration, combustion residues remain 
in the filter body. Accordingly, the head loss induced by the filter body after 
regeneration is always higher than that induced by the filter body before 
regeneration. This phenomenon of clogging continues on each regeneration and it is 
necessary for the dealer to clean the filter block completely, for example every 

3 0 80 000 km. This cleaning constitutes a drawback to the use of filter bodies. 

FR 2 473 113 proposes a filter body that can be produced by extrusion and 
has inlet passages of greater cross section than the outlet passages. The authors 
indicate a filtering area of the filter unit of 7.89 cm^/cm^ (i.e. 0.789 cm^/l) with a 
constant inlet passage cross section less than 12.9 mm^ and a wall thickness less 

3 5 than or equal to 0.7 mm. 
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However, the filter body described in FR 2 473 113 induces a high head 
loss, which means that the filter body must be regenerated frequently. It is therefore 
difficult to envisage the industrial use of this filter body. 

There is therefore a need for a filter body having a low head loss throughout 
5 its service life and therefore necessitating less frequent cleaning. The invention aims 
to meet that need. 

The invention relates more particularly to a filter unit for filtering particles 
contained in the exhaust gases of an internal combustion engine, comprising 
interleaved sets of adjacent inlet passages and outlet passages, said inlet and outlet 
10 passages being in fluid communication through their lateral walls, said lateral walls 
having, in cross section, an undulation determined to increase the overall volume of 
said inlet passages at the expense of that of the outlet passages, and the overall 
volume of the inlet passages being greater than that of the outlet passages, 
noteworthy in that: 

15 •the hydraulic diameter of said outlet passages is from 0.9 to 1.4mm. 

preferably greater than 0.95 mm, 

• the ratio r of the overall volume of the inlet passages to the overall volume 
of the outlet passages is from 1.15 to 4, preferably greater than 1.35 and/or less 
than 3. 

20 • the filtering area is from 0.825 m^ to 1.4 m^ per liter of said filter unit, 

preferably greater than 0.92 m^ 

• the ratio of asymmetry of said undulation is less than 20%. 

As will emerge in more detail hereinafter, this significantly reduces the head 
loss induced by the filter unit and therefore reduces the frequency of regeneration of 

2 5 the filter body of which it forms part. 

According to other preferred features of the invention: 

- said outlet passages have a cross section of constant area throughout the 
length of said filter unit; 

- said inlet and outlet passages are straight and parallel; 

3 0 - said inlet and outlet passages are arranged relative to each other so that 

all of the gas filtered by any inlet passage passes into outlet passages adjacent said 
inlet passage; 

- said undulation has a sinusoidal shape in cross section; the ratio of 
asymmetry of said undulation is less than 15%, preferably less than 12%, and/or 

35 greater than 5%, preferably greater than 6%; 
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- said undulation is periodic and a half-period of said undulation extends 
over the width of one of said channels; 

- said inlet and outlet channels are disposed alternately in any horizontal 
row or vertical row of said unit, thus forming a checkerboard structure on the front or 

5 rear face of the unit. 

The invention also relates to a filter body intended for a particle filter that is 
noteworthy in that it includes at least one filter unit according to the invention. 

The following description with reference to the appended drawings and the 
examples explain the invention and its advantages. In the drawings: 
10 - figure 1a is a partial view of the front face (i.e. that on which the exhaust 

gases impinge) of a prior art filter unit, figure 1b is a view of that unit in section taken 
along the line AA in figure la, and figure 1c is a view in cross section of an extrusion 
die for producing the above filter unit, 

-figures 2a to 2c are views analogous to those of figures la to 1c. 
15 respectively, and show a first embodiment of a filter body of the invention, 

- figure 3 is a partial view of the front face of a second embodiment of a filter 
unit of the invention, 

- figure 4 is a graph representing the head loss as a function of the time of 
use for various new. "clean", tested filter bodies, and 

20 - figure 5 is a graph representing the head loss as a function of the time of 

use for various tested filter bodies in which the combustion residues occupy a 
volume corresponding to 50% of the volume of the inlet passages of the reference 
filter, which corresponds to a distance traveled by the vehicle of approximately 
80 000 km. Such filter bodies are referred to as "clogged". The residues are 

25 generally in the far end of the inlet passage. 

All of figures 1 to 3 correspond to partial views of filter units and may be 
regarded as a partial view of a monolithic filter body or a partial view of a filter body 
formed by assembling filter units. 

In the figures, the thickness of the walls between the passages is not to 

3 0 scale and is not limiting on the invention. 

Figure 1a is a diagram of the front face of a filter unit currently used to trap 
particles contained in the exhaust gases of motor vehicles propelled by a diesel 
engine. This filter unit has identical passages whose cross section is square and of 
constant size throughout the length of the filter body. On this front face, one in two 

35 passages is blocked. The passages 1 and 2 are open and therefore constitute inlet 
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passages. The passages 3 and 4 are blocked and therefore constitute outlet 
passages. Figure lb is a view in longitudinal section taken along the line AA in figure 
1a. The flow F of exhaust gases enters the filter unit via the inlet passages and then 
passes through the lateral walls of the passages into the outlet passages. Figure 1c 
5 is a view in cross section of the extrusion die used to fabricate the filter units used at 
present and represented in figure la. In this view, the solid lines represent machined 
openings through which the ceramic can pass. 

Figure 2a is a diagram of the front face of a first embodiment of a filter unit 
of the invention. The passages 10 and 11 are open and constitute inlet passages. 

10 The passages 12 and 13 are blocked and constitute outlet passages. The passages 
are arranged in an array of passages having a triangular cross section that is 
deformed to increase the overall volume of the inlet passages at the expense of that 
of the outlet passages. Thus a non-plane intermediate wall between an inlet passage 
and an outlet passage may be concave on the side of the inlet passage, as shown in 

15 figure 2a, and convex on the side of the outlet passage. 

Figure 2b is a view in section taken along the line AA in figure 2a. The flow 
F of exhaust gases enters the filter body via the inlet passages and passes through 
the walls of the passages into the outlet passages. Because of the increase in the 
overall volume of the inlet passages referred to above, the area available on the 

2 0 walls of the inlet passages, or "filtering area", is increased to the detriment of that of 

the outlet passages compared to a prior art filter body such as that shown in figure 1. 

All of the area of the inlet passages is advantageously used to filter the 
exhaust gases, as there are no portions of one or more inlet passages that open into 
other inlet passages, such portions being of no utility for filtration since the exhaust 
25 gases can pass through them in both directions. 

The inlet passages and outlet passes are preferably parallel and straight. It 
is therefore possible to produce the filter unit of the invention by extrusion, which is 
advantageous. 

Figure 2c is a view in cross section of the extrusion die used to produce the 

3 0 filter unit shown in figure 3a; in this view the solid lines represent machined openings 

through which the ceramic may pass. This die is used to fabricate passages of 
constant cross section throughout the length of the filter unit, which facilitates 
extruding them. 

The passages are straight along the length of the filter body. Accordingly, in 
3 5 longitudinal section (see figure 2b), the passages have a constant cross section 
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throughout their length L. This facilitates the fabrication of the filter units. 

The inlet passages have a greater cross section than the outlet passages in 
order to increase the volume available for storing soot. The inlet passages and the 
outlet passages are arranged with respect to each other so that all of the gas filtered 
5 by any inlet passage passes into outlet passages adjacent that inlet passage, which 
optimizes the surface area available for a given filter unit volume. 

Figure 3 is a diagram of the front face of another embodiment of a filter unit 
of the invention. The passages 10 and 11 are open and constitute inlet passages. 
The passages 12 and 13 are blocked and constitute outlet passages. The passages 
10 are organized in an array of passages having a square cross section that is 
deformed to increase the overall volume of the inlet passages at the expense of that 
of the outlet passages. In any horizontal row (x) or vertical row (y), the inlet and 
outlet channels are disposed alternately, forming a checkerboard structure. The 
lateral wall 14 of an inlet passage 11 is therefore formed of four lateral wall portions 
15 14a-14d separating the interior volume of that passage from the interior volumes of 
the four respective adjacent outlet passages. 

A non-plane intermediate wall 15 between two horizontal rows Ri and R2, 
and/or two vertical rows, of passages (and thus formed by a set of portions of lateral 
walls I61 to 168 of those passages) is preferably concave on the side of the inlet 
20 passages and convex on the side of the outlet passages. 

Along a horizontal row (along the x axis) or a vertical row (along the y axis) 
of passages, the intermediate wall 15 preferably has an undulating or "wavy" shape 
in cross section, the wall 15 undulating by substantially one half of an undulation 
length across the width of a passage. 
25 The "length" of an undulation is the distance between two points of the 

undulation located at the same height with the same direction of variation of slope. In 
the case of a periodic undulation, the "length" of the undulation is called the "period". 

The undulation is preferably periodic, but the amplitude of the undulations 
may be constant or variable. The amplitude is preferably constant. It is also 
3 0 preferable if the undulation has a sinusoidal shape whose half-period is equal to the 
pitch "p" of the array of passages, as shown in figure 3, 

Finally, it is preferable if all the vertical or horizontal intermediate walls 15 of 
a unit have an undulation of exactly the same shape in cross section. 

The expression "ratio of asymmetry" refers to the ratio between the 
3 5 amplitude "h" and the half-length of said undulation (or between the amplitude "h" 
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and the half-period in the case of a periodic undulation). The following examples 
summarized in table 1 are provided by way of illustration and are not limiting on the 
invention. Figures 4 and 5 represent curves of the increasing head loss as a function 
of time corresponding to certain examples from table 1, with clean and clogged 
5 filters, respectively. 

The filter bodies that were tested were produced by assembling 16 filter 
units fastened together by means of a joint 1 mm thick. These filter bodies were 
cylindrical with a diameter of 144 mm and a length of 9 inches (228.6 mm). The 
passages were of the type represented in figure 4, the walls having a substantially 
10 sinusoidal profile and the outlet and inlet passages having a cross section of 
constant area through the length L of the filter body. 

For the purposes of the calculations, the exhaust gases were introduced 
into the inlet passages of the filter bodies under test at a temperature of 250°C and a 
flowrate of 320 m^/hour. The concentration of particles in the exhaust gases was 
15 2.2*10 ' kg/m^ 

For the clogged filter body tests, the concentration of combustion residues 
in the inlet passages was 1.8*10"® m^/m^ of exhaust gas. 

The reference example "Ref* corresponds to a filter constituted by 
assembling 16 filter units fastened together with a joint 1 mm thick. This filter was 
20 cylindrical with a diameter of 144 mm and a length of 9 inches (228,6 mm). The 
passages were of the type represented in figure 1, the outlet and inlet passages 
having a square cross section of constant area through the length L of the filter 
body. The pitch of the array was 1 .8 mm and the thickness of the walls was 350 |jm. 

The filtering areas, passage volumes and head losses were calculated by 
25 the Institut de Mdcaniques des Fluides of Toulouse (France). 

The expression "hydraulic diameter" used in relation to a cross section or a 
passage refers to the ratio between four times the section of the passage and the 
perimeter of the passage. 

The passage density is expressed as a number of passages per square 
3 0 inch (cells per square inch (cpsi)). 

Ve denotes the total volume of the inlet passages, Vs the total volume of the 
outlet passages. The ratio r is defined as follows: r = VeA/s. 

The expression "filtering area" refers to the area of the walls of the inlet 
passages through which the flow of gas to be filtered can pass. The filtering area is 
3 5 evaluated in square meters per liter of filter unit. 
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The performance of a filter body is evaluated by measuring the time T in 
minutes to reach a particular head loss ."dP" and by the initial head toss (dP for 
t = 0). The measured time "t" in minutes to achieve a head loss "dP" of x mbar is 
denoted t/x. 

5 It is considered advantageous for a filter body to conform to the following 

criteria: 

• initial head loss < 50 mbar; 

• t/100 ^ 300 for a clean filter; 

• t/150 ^ 500 for a clean filter; 
10 • t/150 ^ 200 for a clogged filter. 
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Table 1 and figures 5 and 6 inoludo that: 
Table 1 and figures 4 and 5 indicate that: 
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For new filter bodies, the greater the filtering area, the slower the head loss 
increases over time. In other words, the loading slope decreases as the filtering area 
increases. However, the filtering area is not the only criterion, as is shown by 
comparing example 15 and the reference example. That comparison shows that. 
5 according to the invention, a higher ratio r has the advantage of compensating a 
lower filtering area when the filters are clogged. 

Without being bound by any theory, the Applicant explains this phenomenon 
in the following manner. 

A high ratio r means a greater volume in the inlet passages for storing the 
10 combustion residues. For a given filtering area and a given combustion residue 
volume (i.e. a given number of regenerations), the proportion of the filtering area that 
is ineffective because it is covered by the combustion residues is therefore lower. 
The induced head loss is therefore lower. Between two regenerations, the head loss 
induced by the filter body therefore increases more slowly. 
15 Moreover, the large volume in the inlet passages can store a greater 

quantity of combustion residues. The number of regenerations before 
removing/refitting the filter can therefore be increased. 

For a constant wall thickness, an increase in the ratio of asymmetry implies 
an increase in the storage capacity of the inlet passages and an increase in the 

2 0 filtering area of the unit. 

However, the ratio of asymmetry must not be increased excessively, as this 
could reduce the section of the outlet passages to the point of a prejudicial increase 
in the head loss. 

A compromise must therefore be arrived at. The ratio of asymmetry is less 
25 than 20%. preferably less than 15%. more preferably less than 12%. and greater 
than 5%. preferably greater than 6%. 

According to the invention, the time between two filter body 
demounting/cleaning operations is therefore increased not only because of reduced 
residual clogging of the filtering area by combustion residues after each 

3 0 regeneration, which slows down clogging by soot between two regenerations, but 

also because a greater number of regenerations is possible, the combustion residue 
storage volume being greater. 

The motorist can therefore travel a greater distance without performing any 
maintenance on the filter. 
3 5 According to the invention, the optimum is considered to be having: 
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• a ratio r greater than or equal to 1.15, preferably greater than 1.35, and 
less than 4, preferably less than 3, 

• a filtering area at least equal to 0.825 per liter of filter unit, and 
preferably greater than or equal to 0.92 per liter of filter unit. 

5 The inlet and outlet passages having a cross section of constant area 

throughout the length of the filter unit, the increase in the ratio r is the result of 
increasing the hydraulic diameter of the inlet passages and/or reducing the hydraulic 
diameter of the outlet passages. Table 1 (see in particular examples 3, 6 and 10) 
shows that if the hydraulic diameter of the outlet passages is very small, the head 
10 loss induced by the clean filter body is much too high. This may prove unacceptable 
since the official power rating of an engine takes account of the exhaust line. 

According to the invention, the hydraulic diameter of the outlet passages 
must be greater than or equal to 0.9 mm and preferably from 0.95 to 1.4 mm. 

Of course, the present invention is not limited to the embodiments shown 
15 here and described above, which have been provided by way of illustrative and 
nonlimiting example. 

Thus the invention relates equally to a monolithic filter body. The filter unit 
could have any shape and any arrangement of the passages. 

Finally, the cross section of the passages is not limited to the shapes 
20 described. 
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CLAIMS 

1. Filter unit for filtering particles contained in the exhaust gases of an 
internal combustion engine, comprising interleaved sets of adjacent inlet passages 
(10. 11) and outlet passages (12, 13) in fluid communication through their lateral 

5 walls, said unit including a set of lateral wall portions (161-163) forming an 
intermediate wall (15) between inlet passages (10. 11) and outlet passages (12. 13) 
and having, in cross section, an undulation determined to increase the overall 
volume of said inlet passages (10, 11) at the expense of that of the outlet passages 
(12, 13). and the overall volume (Ve) of said inlet passages (10. 11) being greater 
10 than that (Vs) of said outlet passages (12. 13), characterized in that: 

• the hydraulic diameter of said outlet passages (12. 13) is from 0.9 to 

1.4 mm, 

• the ratio r of the overall volume (Ve) of the inlet passages (10. 11) to the 
overall volume (Vs) of the outlet passages (12, 13) is from 1 .15 to 4, 

15 • the filtering area is from 0.825 m^ to 1 .4 m^ per liter of said filter unit. 

• the ratio of asymmetry of said undulation is less than 20%. 

2. Filter unit according to claim 1, characterized in that the hydraulic 
diameter of said outlet passages (12, 13) is greater than 0.95 mm. 

3. Filter unit according to either claim 1 or claim 2, characterized in that 

2 0 said ratio r is greater than 1 .35. 

4. Filter unit according to any one of the preceding claims, characterized in 
that said ratio r is less than 3. 

5. Filter unit according to any one of the preceding claims, characterized in 
that the filtering area is greater than 0.92 m^ per liter of said filter unit. 

25 6. Filter unit according to any one of the preceding claims, characterized in 

that said outlet passages (12, 13) have a cross section of constant area throughout 
the length (L) of said filter unit. 

7. Filter unit according to any one of the preceding claims, characterized in 
that said inlet passages (10, 11) and outlet passages (12. 13) are straight and 

3 0 parallel. 

8. Filter unit according to any one of the preceding claims, characterized in 
that said inlet passages (10, 11) and outlet passages (12, 13) are arranged relative 
to each other so that all of the gas filtered by any inlet passage (10, 11) passes into 
outlet passages (12, 13) adjacent said inlet passage (10, 11). 

35 9. Filter unit according to any one of the preceding claims, characterized in 
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that the ratio of asymmetry of said undulation is less than 15%. 

10. Filter unit according to any one of the preceding claims, characterized 
in that the ratio of asymmetry of said undulation is less than 12%. 

11. Filter unit according to any one of the preceding claims, characterized 
in that the ratio of asymmetry of said undulation is greater than 5%. 

12. Filter unit according to any one of the preceding claims, characterized 
in that said undulation is periodic and a half-period of said undulation extends over 
the width of one of said channels (10, 11. 12, 13). 

13. Filter unit according to any one of the preceding claims, characterized 
in that said undulation has a sinusoidal shape in cross section. 

14. Filter body intended for a particle filter, characterized in that it includes 
at least one unit according to any one of the preceding claims. 



